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1. INTRODUCTION

This writing is continuatiam of the Phase I Report of the Ground

Slide Airdrop Study, ER-3841. AAI has performed this study under Contract

No. DA-19-129-AMC-337(N) from the U. S. Army Natick Lanoratories. The

specific object of this report is to present the findings of the Exploratory

Test Phase, Phase II, aiud compare these actual findings to those predicted

by the analysis presented in the Study Phase, Phase I. Also includd cr

this report are all changes, deletions, and revisions to be incorporated

in the preliminary design specifications of the Phase I report.

The actual findings were acquired from tests performed at Fort

Braig, North Carolina. These tests were conducted by AAM in conjunction

with the U. S. Army Field Test Team. The test description and test program

is explained in the Report of Exploratory Test Program, ER-4356. Figures 1,

2, 3, 4, and 5 show a typical drop sequence from an actual test. Table 1 lists

tests with the assdciated test conditions.
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TEST SC

J~-4 -% *7 go

* S '-- " ..- 1 .I...i U 0

140 90 $4 .,500 9
20 0 Z -F 4.0 9 22 6

3 85' 005 94 450 95 2 60

Type of Test sure
no $ 4 a -1 A 0 aU W -.4 C s :3

-4- En~ < - -< t U 3: 1 OU .W

1 S 90 030 9 4500 2950 22 60
Smooth, hard rac

2 S 90 030 9 4500 3950 22 60

3 U 85 005 9 4500 3950 22 60
Uneven. soft surface

4 U 85 005 9 4500 3950 22 60

.Maxirunt Extraction 5 U 80 005 9 2000 1850 15 60
Acceleration

Minimum Extraction 6 V 90 005 9 2000 3000 15 60
Acce leration

Extracti,.-. Point 7 U 90 005 9 4500 3780 22 60
Misa liged

Extreme C.G. Location 8 U 85 005 9 4500 3780 22 60

Combination of ::7 & ;:8 9 V 90 005 9 4500 3780 22 60 "

Extraction Point 10 t 85 005 9 4500 3780 22 60"
Misa lign,-d

Less Severe #10 11 U 80 005 9 4500 3780 22 60

Repeat of :'l 12 S 90 005 9 45J0 3780 22 60

ExrrCne Forward End 13 U 90 005 9 4500 3780 22 60
Dawn Condition

Extreme Aft End 14 U 100 005 4500 3780 22 60
Down Condition

Rcpeat of -7 15 J! 90 005 9 4500 3780 22 60
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TABLE 1

TEST SCHEDULE

ct
44 -%

. C i , * -" "
4. 1 0 , - .C ..-. -'CL C ' .C -. .- -.. •

60. ~ 22 54 0- 1.4 0 O 243 75 3 5 0 3

60 2 5' J. 24.3 7.5 5s 04 0 030 A

60 C22 44 5 0 0 A..- 4 X T34C goC 0.4 ,4C 0 -

60 22 54 0 1.4 0 0 24.3 7.5 3 5 8 300 005 A

0 22 54 0 1.4 0 0 2.3. 7.5 3. 5 0 20 030 A60 -22 54 0 1.4 0 0 24.3 7.5 3 5 8 100 0305 A

60 22 54 0 1.4 0 0 24.3 7.5 3 5 0 20 0305 A

60 22 54 0 -1.43 0 24.3 7.5 3. 5 8-0 180 005 A

60 22 54 0 0 0 0 25.0 7.5 2.8 5 4-6 80 005 A

60 .22 54 0 5.0 0 0 24.0 7.5 2.3 5 11-14 90 005 W

60 22 54 0 1.0 5.0 0 24.0 7.5 2.3 5 10 130 005 W

60 ---- 22 54 0 7.0 5.0 0 24.0 7.5 2.3 5 10 190 005 W

60' 22 54 10.25 0 0 0 24.0 7.5 2.3 5 2 263 005 W

60 22 54 5.00 0 0 0 24 0 7.5 2.3 5 8-10 40 005 W

60 -22 54 0 0 0 0 24.0 7.5 2.3 5 3-6 90 005 W

60 - 2. 64 0 3.0 10 0 24.0 7.5 2.3 5 6-9 330 005 W

60 22 44 0 9.0 -10 0 2.".0 7.5 2.3 5 7-11 310 005 W

60 22 54 0 5.0 3 0 24 7 5 2.3 5 3-5 190 005 W

B"
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II. PRESENTATION OF RESULTS

A. Geacral

The results of the test program and the corresponding computer

analysis for each test are presented in this section. These results are

presented, for ease of handling, in three phases, i.e., Extraction and Tip-off,

Descent, and Ground Impact.

In each case the actual test conditions were used as inputs

to the computer program and the computed values of velocity, time, distance,

etc. are compared with the actual values. In general, the tests values and

the computed values are in -lose agreement. The discrepancies that do occur

can be attributed to (1) the inability of the equations of motion to account

for all actual happenings such as initial cargo jerk due to restraint strap

break and cargo angular acceleration after tip-off induced by aircraft pitching

and (2) the inability to select the inputs for the computer with a high degree

of accuracy.

Drop No. 2 will not be presented because of camera failure.

B. Extraction Phase

The time-displacement recorder was used to monitor the rel;tive

velocity of the cargo with respect to the aircraft, during the extraction phase.

The data obtained was reduced to velocity-versus-time curves. Figures 6 through

19 show plots comparing these actual curves to the curves predicted by the

computer analysis. Dro, Nos. 1, 4 and 7 are incomplete due to lack of test

data.
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As can be seen, the slopes of these curves are quite similar

which indicates the actual "g" loads are close to the predicted, however, the

amplitudes for a given Lime are noticeably different. This is one of the

cases indicated earlier when the equations of motion are not capable of pre-

dicting actual occurrences. The computer equations assume a rigid non-flexible

member between the load and the parachute; thus, theoretically, the load is

subjected to the exact force-time output of the parachute which decays

proportionally to the decay of the V2 term. This results in a velocity-time

curve which is relatively smooth as shown in the figures. However, in the real

case the connecting member, being nylon webbing, is quite flexible and can StOre

some energy prior to load movement. Therefore, at load movement, which is some

predetermined time during the inflation period, the load is subjected to force

levels for a short time that are higher than predicted. This gives a cargo

jerk which results in an initial steep slope on the velocity-time curve with a

larger amplitude than would be obtained for the theoretical case.

C. Descent Phase

Cargo motion during the descent phase was recorded by high-speed

motion picture cameras. The film was then reduced using a motion analyzer

to various useful curves. Plots were made of each individual test showing the

actual curve and the curve predicted by the computer. All curves start at the

beginning of the descent phase and run to ground impact. Figures 20 through 33

Sesent the plots of cargo altitude versus horizontal travel. Plots of Drops

No. 1, 3, 8 and 11 are incomp1.ete due to the inability to acquire sufficient

film data.
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A second curve was generaited from the data Obtained on each

test. This curve was a plot of horizontal travel versus descent ti.me.

Comparative curves were obtained from the computer analysis and are shown

in Figures 3.4-4.7. Again Drop No. 1, 3, 8 and 11 are incompilCte due to

lack of data.

UJ
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The third plot used in comparing the computer analysis against

actual tests is shown below in Figures 48 through 61, These are plots of cargo

pitch angle versus descent time. Drops Nos. 1, 3, 8 and 11 are not complete

because sufficient data was not acquired from these tests.

In several of the tests, as shown by the curves, the actual

cargo pitch angle is quite different from the predicted angle. In the tests the

aircraft is pitching, due to turbulence and aircraft instability and this

induces some angular acceleration to the cargo. One assuiption in the computer

equations is that the aircraft does not change pitch angle during e-:Lraction.

In figures 76 through 89 cargo pitch angle was plotted versus

drop altitude. In these curves the effect of a±ircraft induced angular

acceleration can also be observed.

C

7
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In Figures 76 through 89 plots of pt., -icted cargo horizontal

veloc.tv versus descent time are given Due to thc inaccuracies of ý;raphically

intetratin6 distance-versus-time data, the actual velocity-versus-ti-.e plots

are nt given since the comparison would be -- leading. Howcver, since such

close agreement was uitnessed between the actual and pred.cted curves of

horizontal travel versus descent tim.., it can :e stated that the actual curves

of horizontal velocity versus descent time 1ii1 -n close agreement 1-ith the

predicted curves.
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D. Impact Phase

The equations for this phare are mutah !ehs descriptive of the

attual motion than are the equations for the drop phase. Too many

variables are not and cannot be considered in the omputer program. The

slide length seems to be the only method of Lompal ing the Lorlpttuer analysis

against the actual occurrence for the impact phase. Below is a tabulation

of slide lengths.

Test A l Slide l~e.,ktth_________ c t ual! Comput ter

1. Load 116.8
Gverturn

3. 65 73.32
4. 60 102.08

80 90.67
6. 90 !38.83

Load
7. Lo d10-.211

Overturn
8. 72 77.07

9. 60 76.A'•
Load
Overturn

11. 90 117.63
12. 90 134.28
13. 110 1311.2)
14. 110 100.61
15. 160 8b.7h

I value for the coefficient of friction vas extrt-',Lv difficu:lt

to select. Below is a list of variables that eff~t t!'. c,, :'e C"t o0

friction.

1. Impact Zone Terrain

). Impact Zone Vegatation

3. Impact Zont .ohist'.re Content

uz)



/ PAGE NO. D-97

REPORT NO. ER-3841

m AZRCHAFT ARMAIMNS, t. Inic.

4. Impact Zne Hardness

5. Impact Zone Material

6. Load Platform Material

7. Load Impact Angle.

The instantaneous value of the coefficient of friction changes
4

all along the slide path in the actual situation. Whereas, the co,.puter

assumes the instantaneous coeffihient value is equal to the Average

value. With this though that the exact coefficient of friction value

I is nearly impossible to obtain, one can say that the two comparative

I slide lengths are in close agreement.

1

i
i
I

1
0

V
zG
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IIi. COMPUTER PROGRAM

A. General

W•en the computer program was set up for use on AAI's computer

it was necessary to rewrite the program in three distinct separate phases

due to the size of AAI's computer. The new program along with its inputs is

presented in this section. Also included is a listing of the nuwmerical values

of the input as obtained from the test program.

B. Nomenclature

Presented below is the program input nomenclature. It was felt

that clarification was needed as far as defining the co'ordinate system of

each individual coniputer input.

Nomenclature Units Definition

t sec Extraction start time
0

degrees Initial yaw angle of cargo in ground
0 fixed frame of reference

r feet x component of distance from wind fixed
o frame of reference to cargo c.g.

r feet y component of distance from wind fixed
Yo frame of reference to cargo c.g.

r ft/sec d rx

dt

r ft/sec d r
0 Y

dt
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N:m'enclature Units D)efinition

Ly 0 feet y component fr.M:i r'a.'achute C.C. to
extraction point in gronnd fixed
frarme of reference.

iL• feet z component from parachute C.G. to
extaction point in ground fixed
frame of reference.

Lv ft/sec d L
"*0 Yo

dt
Lz ft/sec d Lzo 0

dt

degree Pitch angle of aircraft in ground fixedframe of refe-ence

a degree Roll angle of aircraft in gcound fixed
frame of reference

degree Yaw angle of aircraft in ground fixed
a: frame of reference

r ax feet x distance from ground fixed frame of

o reference to aircraft C.G.

r r feet y distance from ground fixed frame of
o reference to aircraft C.G.

r az feet z distance from ground fixed frame of
0 areference to aircraft C.G.

I
At 1  second Time increment for extraction phase

second Time increment for tip-off phase

S"t 3  second Time increment for descent phase

a feet x distance from cargo c.g. to extraction
point in cargo frame of reference

b feet y distance from cargo c.g. to e-traction
point in cargo frame of reference

U
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Xlen.c iatire Uai ts I)efini t ion

c feet z distance f.,)-i cargo c.g. to e:traction
,oint in carg, frar'.e ',f reference.

d feet :: distance fro-n ca:go c.g. to center of
the olatform floo: in cargo framie of
r -fe.'ence

e feet y distance from cargo c.g. to center of
the p!atf.,r:-i floor in cargo fra~me of
reference

f feet z distance from cargo e.g. to center of

the platform floor in cargo frame of
reference

n feet z distance from aircraf c.g. t- reaction

point in aircraft frame of reference

slugs Mass of cargo

M slugs Mass of parachtte

slugs-ft2 M-Hment of inertia 0f the ca-go about
::x its %: axis

I slug-ft-2  Mo-ent of inertia of the cargo about
its y axis

2
I slug-ft Moment of inertia of the cargo about

its z axis

V ft/sec x component of wind velocity in the
ground fixed frame of reference

V ft/sec v component of wind velocity in the
Y ground fixed frame of reference

ft/sec z, component of wipd velocity in the
z ground fixed fra-ie of reference

V ft/sec x comp-nent of aircraft velocity Inl
the wind fixed frame of reference

V ft/sec v comaonent -f aircraft velocity in
ithe wind fixed franc -f reference

u
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Nomenclature Units Definition

V ft/sec z component of aircraft velocity in
az the wind fixed frame of reference

d feet x component irom cargo c.g. position,e before extraction, to the tip of the

aircraft ramp in the aircraft frame
of reference.

1 feet Half length of platformc

KL slug/ft. rad. Slope of the K versus (angle of attack)
curve

KD slug/ft. Cargo drag factor with = 0
0

; 2
KD slug/ft. rad. Slope of K versus curve

Ztt feet Altitude test for descent phase

(CD A)0  ft 2  Product of drag coefficient and inflated
parachute drag area

Diam. ft. Skirt dianeter of inflated pa.rachute

G-- ,'umber of parachutes used

G Cluster factor
F

slug/ft 3 Air density at the extracti-m altitude
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•,.4, IMPACT PHASE INPUT NOMENCLATURE

"Nomenclature Units Definition

t second starLing time

I'.t second time increment for numerical integration

X feet x component of carg,. position in
0 ground fixed frame of reference

X ft/seco (-')o
dt o

radians Pitch angle of cargo in ground fi:.:ed0 frame of :efe.-ence

rad/sec 
( )

L feet X component of pa.achute line
o length in ground fixed frame of

reference

L. ft/sec (d L-x )
x dt o

0

V ft/sec X component ,if wind velocity in
x gr,-:ind fixed frame of reference

V ft/sec Z component of wind velocity inz ground fixed frame of reference

ALT feet Z component from aircýaft C.C. to
gm-n'md fixed frame -. f reference

K 1  feet X component from cargo C.G. t. attachment

point of external decelerat.o" in cargo
fra.v of r-fere.ce

K feet Z c,,.p.,nent fro-. carp-o C.(. t, attacm.:ient
13 point of exte:-al d.ce le,'at.,r in cadi-,

fr,-we of refereuict-

a feet X co-1ponent i:.om cargo ( t.-C. , tv.1--action
point on cargo fr.m,-c ,,:-. ! rcr

c. feet Z C.,nmpoLnvnt :-,,-- , C.C . t, racti.on
point in carg-, rrvw. ,,i retert:ncc

I)
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Nomenclature Units Definition

d feet X component from cargo C.G. to platform
centerline in cargo fra:.ie )f reference

f feet Z component from cargo C.G. to platforni
floor in cargo frame of reference

1 feet half length of the platformC

I slug-ft 2  Moment of inertia of the cargo about
its y axis

K slug/ft Parachute draf factor

m slugs mass of cargo

M slugs mass of parachute

CN Case number

G radians critical pitch angle for which pitch
will occur

Dia. Chute feet inflated parachute diamieter

coefficient -of friction

feet line length

Z ft/sec vertical impact velocity0

9

ft/sec ( d x
o dt 2 o

f pounds magnitude of external f')rce

z
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C. Computer Program and Imputs

Several changes were made in the original conputer program.
Below is a listing of all four phases of the revised program.

z
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600000 C GROUNDO SLIDE AIR DROP - EXTRACTION PHASE

0000 C PAGE 4O. 1

eoo00 COMMON CN,DELT2,PSO,PSOO,RX@ RY4,RXD0,RYD0.XLYD0,XLZD0,XLZO,
00400 IXLT O THD 0'TH8tClb;TC.TiRAXOsVAX.RAT I VA%,RAZ4;YAZ:C±3IP26-C26DCS.C
00084 24"C *C5,C37#C34.X 2#P23#P22-XN,P24 ,925,P 7,F VXAaC X B XJIP~NTBLEDIA
600009 3M0.NORDQ SCXFDXLMD*XJVTC49, XJ3,XJXXPC50,XJ2,XJZZ.C!j1,xSP,,C39#C12,K.
40400 41STEP'!PIPI DVX*VYIVZ,XLCtDPDEL103DAIP13,DELTO .ZD7EST
04000 COUIVALENCE IDATA(1~rCN)
110094 DIMENSION DATA; 73)
A~n86 DIMENSION A412.12)oYA(12),8( 12 ),TCHUTE(12),ORI(12),XLI(12)3,XLDII 12

aAnn*O 1),XLDDI;12),OROOI; 15),tCDRATI( 1,
MOO*0 READ 10,T0,PS03PPSO0,RX0,RT@,RXDO0,RDOXLYD0,XLZDO,XLZ0.XLY0.T$A.PH

68oe0 IA.PSARAXCRAIO.RAZODELTO,XIPI ,XAXB.CD,E,F.xN.xSm, 1M, XIXX. XIYY
AROS0 2,XIZZVX.VYVZIVAXDVAIDVAZOEDELIO2DDELTO3.XLC, XKLA, IKOG.XKDAZDT
60000 3EST. X1P12.XIPI.3.COAO.DIAMO,GNGFCN.RHO
00000 I0 FORMAT(SF10*4)
00008 PRINT 4,Ck
*00008 4 FORMATCI2HICASE NUMBERF7.4/17m EXTRACTION PHASE)

11Anna PRINT 1.,T0,PSOwPSO0.RXOPRY0,RXDORTD0,XLY00. LZDO. XLZO,XLT0. THAPH
ahn00 IAPSARAXORATORAZO,OELTO,XIPI DXAXB,C^DDDEDV.XN.XSM.ELMXIXX,XITY

11 A00 2,11 ZZVXVY,VZoVAX#VAYVAZ,DEOELT02,DELT03,ALC,XKLA,XI(O0.XKDAZDT
a0000 3EST .1IP12sEIP13,CDAO,DIAMS,GNGFgRNO
00000 READ 3000,NTSLE,ITCHtJTEIIT8LE),DRI(ITMLE).XLI(ITBLE),XLDl(17BLEJ.1(
00000 lLOOIfITBLE),ITBLEw1'NT9LE)
00000 3000 FORKAT(110i(5V12.5))
60004 PRINT 3001.(TCNUTE(ZTOLE),ORI(ATOLE),oXLI(ITOLE).XLOtI(T8LE),XLDDI(
100000 IITBLC).IT8LEmlpNT8LE)
00000 C
@0000 C PAGE NO* 2
00000 C
00000 3Q01 FORM'AT(//41H CHUTE DIAMETER AND LINE LENGTH VAHIATION//diOX,5Fl0.5
00000 1))
@0000 READ 4000.NDRDOO.DRDOI(l),CORATI(I),IaI.#NDRDO)
00000 4000 FOQMACIIOl/8bFl0.3))
00000 PRINT 4001,c0R00I~Ib)CDRATI(I).Ila1,NDR00)
c0000 4001 FORMATC//?IH jCDA) RATIO VS OR,'DO//(lOX,2F20#A))
00000 1 FORNI.T;//-,rn INPUT/I 4F20*8))
00000 Kn12
00000 C%(V'RNO *Gu*GF*CDA4,/2.
00000 XJXXXIXX/hLM
11000 YJVYnXIYY/XLN
00000 XJZZ*XIZZ/XLM
Moo0 C49*XJEX-IJZZ
0oco0 C50exYTy-xjzz
980000 C
00000 C PAGE NO. 3
00000 C
00000 C518xjxx-xj1y
02000 xjlsC49*IJYY
M000 xJ2oc5l.xjZZ
c00oa xj3.C51-xjzz

Z.
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so#$$ 06:COSFOf /7236

08,00IN C PCSr(F/57#2957,6ý

o09at C8SCSOC4

#so*$ CIOSOC.DC
so00 C12aXSfla32*A6
0001 C13w1..X9M/XLM
*t00$ C1A.XN-F

#aM C2SF$A/57.29578
0000 C3&wC4*CI
00906 037wC6*C3
$*Go$ C36wC5*C3
@000 C39*C13..32.1b
coast #'22&C7-COOC2
00400 F2~3xC5*C1.C9vC2
a06*$ ?24uC5#C2-C9e01
10900 C

Ms6* C PAOE 4O. 4
ease* C
as$#$ P25wCb&C2#C40CI
seat$ P260CU.C2
600082 P2?wC3*Ct
00009 PSON PSO/57.29976

80000 OLT12u DELWO2.
Oe##8 JPJK1IPI
Woo8 IPSIP1
Cocoa ISTEP-I
05000 IKel
00to# 200 DET2-DELT2
WOO0 PSISPSO
c0c0a PSDIMPSDO
co00# RXI*RXO
00000 RYj.RY6
0096 RXDINRKDo
0s080 RYD1RYDOQ
00000 XLYTOXaLYDO
Coca# XLZO1uXLZDO
00000 XLZI-NLZD
010090 XLV1zxLT&
00000 300 TTm?*-T
c0000 RAX1.RAXO*yAX0TT
40000 RAYIxRAYC#VAY*TV
00000 C
00000 C PAQE No. 5
0,000 c
0000 RAZIORAZ04VAZ*TT
600400 DO 450 1*1.12
6006 YAf I p.O
0000 4I w*
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V . 00*00 00 410 Ja1.12
Moo0 4~0 a(IJlJwfo

60800 Atj 4.1 )WC13

qC08~0 A( 4#4)*C,

060480 A0,5)uC15

Mto6 A(&.7)sC4
464010 d#.S)vP24

00004 A(9p2)vP25
60080 A(9p3)9-P27
#00090 '17w
49080 ;I*'C26-PS6
660000 CIIUSINF(CCb)
116000 C16*COSFIC16)
04080 CI9uC2*CI8-C36eC17

4600t0cICZ/2
800*4Cap22 7IC20

sea** %C23.( C2*CI7+C36.C10 ;iot#
#cost ~ ~ ~ ,(R0R~)P2*I0'A1)P5C4 ~
46490 c
Ago*# C PAGE 40, 6
84660 C
Go**$ RZDOmVAZ*!'RXDO-VAX)4PI4.(RYDOý-VAY)P2p5)/P2?
lo000 FH0*ACOSF(C22/SQRTFiC22*C229C2J*C23))
00hos IF(C23)9000,9661*9001
00)40 Ole$ ph~ow-PIHo
00300 9801 PHOD@-C2260OIIPSOO
0600 THOuACOSFIC20/SGRTFt C20.C20.CJ9.CI9)1
06016 IW(C19)9002#9003#9103
rateso 90a2 TN4O--Tm0
0(00 9003 THO~uC23*PSOO
*too* C24*914VCPSO)
08004 C23SCOSV( P50
00400 C27&C25.C23
00090 C28IaC24*C23
00000 Pl-EA.c19*c.c24
1 00000 P2aXA#C2Q-C*CI*
00000 P3mPI*C23
40000 P4uPI*C22*x8*C23
40080 P5*P3-x8*C22
0000 C29vP2oC24
04000 C30xP5*C25
ociao C513P29C2
GOOD# C32wPS*C24
0800 C33&2.*P4
04000 C4O*C24*C22
00000 CAI'C25*C22
00000 C42vP2*P2
WOO0 C43UPSDOOPS0Q
90000 C44*PHDOO.PHD
00000 c
600004 PAGE NO, 7
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mcoo,. C450THDOOTHDO

81000 C46vPHDO.PSD*
44~0060 C47"PSQ0.rH06
00006 C48OPHDOO'T14DO

itw04000 CS2&2-*P2*Cd8
00000 C53AC33OC46
04,000 C5462-OC47
40004 P7uC246C19+C27vC2o
001190 P8wC25%C1Q-C28*C20
Mae~0 P11wF1*C25-P29C26
O0oee P12sP1*C24#P2*C27
09000 P13*C29-C30
00000 P14mC31+C32
000;:. P15;C29-P3.-C25
*00004 PibsC31*p3.C24
00000 PI@'PI.P1*xB~wfl
14000 PI4&(XA#XA#CC~oC C22
90000 P20wP194P3sr9
00000 P?1'c33eP4#xjl
00000 C
00000 C PAGE NO. 8
QOG00 C
40000 DO 3610 1- ?,NTSLE
00000 IF(TCUUTE(l)-TO) 3010#3011,-3011
080001 3010 CONT1'4UE
00000 3011 tFRACu (TO.tCH~U1EtI-1I/TC04UTECIJ..yCHUYE(I..1))
00000 001- ORIt 1t M)*DR It 1)-041(I-1 ) )eTRAC
@0000 0ROOOR/O!ANQ

.00800 XLAw
fooso XLDw XLDOZ(I-11.(XLOOI(I).ELDI)(i..IflTFRAC

04080 XLKOw -SORTFIXL#XL.KLY@@XLYO-xLZO.ELZOI
#60000 XLXDSuEXL*rLD.XLYO.XLYDI-XLZ0.KLZDO)/1LX,
M0o0 P3?u*RXDO4XLXD6oPl3.OSDg*P4.C24ePNHg..P11.TND0
Mee6 P36s RVDO4XLTDO#PI4OPSDI-P4.C25.PNDO..Pl20T,400
O0000 P39v RZO8#XLZ00-P5*PH0S.P20C22*ThD6~
0800 DO 420 to 2PNOR00
00400 ZVr(OPD0II) -0RD0 4416p4911,4911
00000 4610 CONTINUE
400000 4011 CDRAT% O' III#CRTI)CRT(-)*OD-RO(-)/DD
lease 11if)-OR0014 1-23 3
00009 XKV. CKF*CDRAT
00000 P40s XKFi'ILMOSORTF(p37.P37.pjO.038,pjqop

3 9 )

0log0 a PAGE NO* 9

0000 £11.1)' -P4
$does £11j.3). P14
00000 £11.4). -Pt
O0oe0 £(11.8). P14
00906 Afj,?)% P4*P13
00000 *11,0 )w-C31.P5-C2d.C XJVy.PIO)
00000 1(1,9)* C2'3*(P?6bC22?erJYY)-C24*P2*xB
00000 YAtI)s -PI4b32.1&*P4oe(P4.p37.pi4.Paq,..P4.Pl4.C43#C

3 l*Pd.Cdd (P12*
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Moo0 lxBC?6*C?22C49 )*C4'ý.C25'p21,C46.(C49e~jl.C33.P12 ).C4?.C52.P12-ot*7*
000, 2XJ3*C46
cocoa A(2,2)- P4
90000 A(ý,3)- -P13
$6400 A(2v5$w P4
*e00o A(2.6)m -P13
$@G0$ &(2.7)o P4*P14
@0000 4( 2*6)* P2*C32-c25*( PIS*XjXX)
cocoa 4(2o,9)* -C31*X8-p20'C24-C419xjxx
600904 TA(2)sP13*32.1b4P40@(P13eP39-P4.P38).P4ePl3.C43-C29eP4.C44-(P11.XI
00000 1#0270C22*CSQO )C45-C24*PgIOC46*( C33OPilOC419XJI )*C474C52*Pll-C26*xj

$$ago 22*C41
00009 C
b0000 C PAGE NO0. 16
010M C
10400 A(3.1)e P13
#loco A(3.2). -P14
@006 M(3#41- P13
Ma00 A(3.5). -PIA

000o0 A(3.,7)s -C42-PS.P5-xJZZ
00000 £(3*0)w P2*P4
@0006 A(3j,9)u P1.P5*C23*IXJZZ*C42)
oc0a0 YA(3)*P40etPl4oP3&-Pl3oP37)*P2*PS-C2AOC259C$1)OC44*C2204P2*XB,*C4I
Mae0 1eC25eC51 .C45.C53.PS-C54eP2.P4.C22*C22.C4e.(COSF( 2..PSQ .CSZ-XJZZ-
Scale 22.oC42)
06606 A(4*7)s -P13
too$0 £14.8). P4*C24
Moo0 i(409)w -P11
toles 4(5,7)- P14
#to0$ A(5.0)n -Pd.O?5
costs A(3#9)s -PI2
$Sao# A(bv$)- -PS
00006 ktf.9)u P2sC22
for,00 C
*44060 C PAGE NO0. It

0J0000 A(fj0,,4$& XLXO
60000 h($0.S)a XLYO
*Soo$ £410.06)s XLZ@
88400 YAI 10)6 xXLOXLD-XLX00e(LXD0-KLYDCeKLYD0-uLZ00.ELZD0.xLDAXLD
0060 A(tI.1)*-XSH6XLY0
*$*I$ £t11,,2 )wXSMg*XLX4
0oca6 £(12..1I$X8M4XLZ0

M000 A1(t23)a -XSM*XLKO
0000 C34* C22*C3
$MM0 C35m CIS*C3
Mee0 P6% C22oC24
too#@ Pl0w P22*C24*P239C25
000$0 P29m P22*C25-P23*C2d
cocoa P31m C34*CI8.C23#C4
40000 P32.C233C35-C220C4
logo$ F33- RAXI-RxD-P24*XN

CMaeeo P34w RAyt-Ryg-P25.xH
fa000 P35- NAZ1-QZ§.P21.XN
02910 C
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00-C PAGE NO. 12
Mlo1 C

00000 P419 Po/%LM
DOM0 P42w P7/XLHf
&Do## P4~3 Ps/XLH
coast0 A(I,10)a -P33*P42 P 5P4
8000 ACllah). -P23oP4I1P6b4l4

00000 A(1:12)- c37041-C4*P43
00000 A( ,1O)m 0340P4l.P350P42
couvoL A(2*tt11, P22.P414P2*.42
00003 £12o,121- C380P4t.C46P42
00000 £13a101* P34eP4S-P33OP42
S0500 A(Jsh11. P220P43-P23*P42
@00010 A(3*12)s C,3#*P43*C379P42
10004 At 4j,10 )3a P43
loc0s YAM= -) P37.P40,Pj4.C434C32.C44.Pl8OC45SC53*C2%-P12@C54-C52oC40
00090 A(5&10)- P42
00000 YA('J1. -P36.Pd4QP13.C43-C30.C444P15*C45-C24*C53*P11*C54*C52*C41
00000 c
c0coa C PA6E NO, 13
00000 C
*C00oloe03 -P41
0M00 TAI141 -C$F1*4#4C4C2PO4*5*2
l0000 A(7.4)sP2&
604000 S(.91 -C229P29-C2J*P26
06000 VAt 7)w -P29eC46-P28*C22.C47,(P26eC22-P29OC23)*C48
0000 A(11v1O)i'P7&XEX&OP6#xLV0
00000 TA(Wl)S,
MeOO A(s2PS)a P6$XLV*#P&*.ELZ0
D0O0 ML$2)m C120XLXO
log0# A44#61y. -C30CI7
00000 A(69)s -P31
00000 nI 0). -C359C&6*C34*CA79,47--P32.C4&
00090 CALL SIE0VA&YA,3DK)
00000 C
00000 C PAVEC Pool It
00600 C
$0900 islirt. -iSTEP

00000 3,10 1Pw Ivos
040000 SF4 W-1P0I1 b r224,220
00000 220 1* *x&#yX*TT

60404 Is %2$#vZ#?T
$0008 XIt- *.jLX#P14
620090 yPx * V.LYO.P1
Moo0 ZPP ?#XL').P4
MO0O kcs RXOQtYx
#0000 Yoe Ryod.vy
#0O00 zoo RZDO+VZ

90Q000 10 1038110 1*2..ESN.8( is MIH I )*P&#BI 2 )*P7-( 94 3 )-:2.1.46!Pb
@00800 PRINT 2 ,Ox1Zx.O*.PV.PP0PO?0((l.,2
M000 20 FoQmAT(///4F20.6/ (20x1,3F2#.1 1
0008* PRFNT 41,TC
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edge* 41 FORPIATq?6)k,F20.81
Otago !P-0
$9000 c
00000 C PAGE No. 15
00480 C
f0as 2U0 C55. 811),'lB(iS)
0066. tFV(IK)3#3*2
400008 2 C61m C55
40004 dO.* (RX0-9AXO.OE)0(RX1-RA19.OEJ
Olf IN*01K -IK
#C000 3 1IFC55.C55-CjG)35o,212r212
*GM0 212 PRINT 30*T1
00000 30 FRAT//2.s4 END Of EXTRACTION PHASE
scb$~ XN2*CSS
G0OD$ DELTODuDLT82
08000 OELT2-'OELTO/2.

b"Mo ISTEPsi
00400O IP01.EP(2
cois @0. PNIPI
0f000* C
*'i000 a PREPARE TAPES FOR INqPUT TO PHASE,11.
P4444 c
Mo0o WIRITE TAPE 1.OATA
00000 WRI'Z TAPE 1oXKLA*1K02,XKO0.
990000 WOITE TAPE 1*THT(IDII#L~ýXL(IPLU(~llWIE
00000 WRITE TAPE 1.f~Dd0OI4?.CORATi1)'Zu1,sNQI00I
@0900Q STOP
10004 350 RXDO. RXDl.8(1)40ET2
80104 ~ RV00u RYDI.9(2)*DE12

40036XLYO~m XLO1.BtQ5)*DET2
$$coo XLZQO- XLZ~t*B(6)eOET2
00900 PS098 PS0080S(7OE1Z
40~00 RY04 RX14.CRXDf*RXDV)*OCT2i02.
Galas AY8* RYI~fRYOI4RYOO)*DET2/2.
03900 XLYO* XLY10(XLT~t#1LYO0?9DE72.J2.
$coal X4LZ~m XLZ1*4XLZQoI.LZD6).0ET2.42.
**Sol PSV* PSI.IPSDI.PSDf)*0ET2p2.
Do0r)$ Tow T0.DELTI
00010 OtT2w DELTS
00000 ir( [STEP )3*0&996a200
00003 900 ITOP
Mae5 END
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00000 C GROUND SLIDE AIR DROP SYSTEM TIPOFF PHASE
10860 VELOCF(OA,08'aOAeD6D.ET2
00068 QISPLF(DA,OB,DC)uGA,(0BDC)*OE12/2.
90000 CON14ON CN.0ELT2,PSG,PS0OIRX0DRY0,RX00,RYOOsXLYDOXLZD0.KLZ0D
600000 IXLY~i HD0,TH0*-,16#i*.,TDRAX0,YAXPRAY0,YAY,RAZ0,VAZC13,P26.c26.C3#C
00080 24,C6,C5.C37,C38. EH2 pp23.P2 2, xNP24tP25,P27sF. XA.C, X9.Xjl,NTBLEDIA

05000 EQUIVALENCE (OATA(1)..CNI
00000 DIMENSION OATA( 73)
00000 DIKENSION A(l2o12)*YAl12)*B(12)
00000 D14ENSION TCHUTE(12).DRI(12),XL~l t2).XLDU(12).XL&1DI(12)
00000 DIMENSION DRDOI( 15)*CDRATXl( 5)
00000 C IF Sil Is ON, CASE NUMBER IS READ FROMI CARD AND DATA ON PAPER
60000 C TAPE 1S SEARCH4ED UNTIL THIS CASE NUMBER IS FOUND
00000 C IF SJI IS OFF i THE FIRST SET OF DATA ON THE TAPE IS USED
00000 IF(SENSE SwITCm W92000,7100
00000 7000 READ 3000,CCN
00000 *o00 FORMAT(FIO0)0
00000 7100 READ TAPE lvDATA
00000 READ TAPE l.XKLA,XKDo,XK0A
00000 READ TAPE 1, TCHIUTE( I )DRI( I),XLI( I )XLDI( I),XLDDI( I ;.JuloNT8LE)
00000 READ TAPE 1o,(DRD0!(I).CDRATI(I),IuLNOROO)
00000 iFf5ENSE SWITCH 1)7200.6002
00000 7200 lF(CCN-CN)71G0.8002p7100
00000 800? PRINT4sCN
00000 4 FORMATCI2M1CASE t4UMBERJf7*4/13h 1IPOFF PHASE)
00Wl00 200 O(T2wOELT2
00000 PSi-pso
00000 PSOIuF'SDO
00000 R~l1mxo
00000 qyl-pyo
00000 R4XD1wRXDD
00000 RYD1sQrO0
00000 XLY~ixzLYD0
000000 XLZD1=XLZDO
00000 XLZI*XLZO
00000 X;LTI'IXLVO
00000 T4DI-THDO
00000 7w1vTHO

00000 300 TTwT0-T
00000 RAX!NRAX04VAXOT T
00000 RAYS-RA YO.VAY. TT

00000 RAZImRAZO.VAZ*TT
00000 D3 4to 16i,12
00000 TAf 1*.0
00000 6(1 )0.
00000 00 410 js1.12
80000 410 Atl#J)aO.
00000 A(4#1)-C13
00000 A(4,4J1.
00000 Ai5.,c)-C1.3
00000 A('ý.51ft1.
400080 A(b.3?*C13
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CopOl 440 A(?,7)OP26
*Goes 450 C160C26-PSO
00000 C17wSINF(C16)

SSSSICj9%*S1NF((THO)
01004 C23ot C.3.C;eC17.C1eC19.C4.SORrF(C20.C28-C~eC3.CI7.Cl7)ý/(C2O.%C.3.C
Was0 13*CLQOCI## 46C4))
Me$0 C22aSORrv( -C23*C23)

atM PM4*ACQSF4 C22)
$sloo IF(C231)9000#9001,9001

060103 90U1 C24*SIMF(PSOI
$Oslo C25&CoSF(PSO)
00300 C27uC2S.C23
3000 C28wC24*C23
Moo0 PbmO22&C20
$000a P7xC24*C19#C27*C2O
00040 F8ftC25*C19-C2#*C2O
6081 P9%C24*C2o-C27*C19
01600 P1@hC25f`20*C26#C19
*s0l0 FI7.tC~22C19
02009 P31-C?2#C30ClS*C?3*C4
$00le PH400'(fC5.(pt0,c6-P9gVCS?-P27.C4).TH0-C3.(P7.C&.P8.C5).P6DO)/(P3t9
06000 IC20)
SaM0 RZ~aRAZI.( P)o( RAX j-R t0 eP7e(RlAT1-~VB&).XN2e(P4*P2J.P7.P2?-PeeP2b )-X
04061 iH04P&*P24*P7*P25#P60 27)4F)/P&
004004 P5uRAXI-q18-P240XNfX"2*P23
00000 PSE6sRAYi-RY0-P25exMXs42*P22
00000 P57-RAZI1-QZ~vP27*iM4XH2#P26
00000 P6QmP55*v24-P566C25
80000 p~jwp7&P55-pS*P56
0000 Pb2wC23*C2@.P57-Pb*Pb6
00000 P63wP10.P55*P9*P56#PI7.i'5?
00000 RZD~aYAZ-( P&*(VAX-RXO0 L~f7v!VAT-ItT0A)--PS0O*Pb1.PHD0*?b2,7H00eP63)

*0.AiO 458 PleXA#C19.'CoC20
Q00Z0- P?=tA*%C20-0C*CQ
00000 P3-PI*C2.3

oadvaP4mF1#C22*xD.C2ý
00000 P5aP3-x~oC22
00000 C29mP2oC24
00000 C3o0~p5*C2
00000 C31,:2*C25
00000 C32*P5tC24
00000 C33=2.*P4
00000 C40mC24*C22
00000 CSj*C2#C~22
00000 C42-P2*P2
00000 C43-ps00epsD0
00000 C44mP'OQ.PND0
0o00a C45uTH00.1HD0
00010 CdbvPH00.PSDO
G0030 C4A)-PSOO.THOC
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00000 CA&UPWD0.THOO
0Q000 C32u2.*p2*C46
19000 C53mC33*C46
900000 C5.¶'2.#C47
00000 P7w!24*Cl94C27*C20
00000 P8wC25oCi9-C2$*C20
00000 PII'PI.C25-P29C28
00000 PI2wPI.C24#P2*C27
00000 PI3&C29-.03

Wo0o pl4-C3l.c3?
P0000 Pti2C2q.P39C25
00000 PLbwC314P3#C24
00000 p16-P1.pl'K8*'(8
00000 PIlu E(A*XA#C*C 1.C22
00000 POaPiQ.P3*I3
03000 P2laC33*P4*xJl
041000 00 3010 ITBLE&2,4T3LE
40000 IF( IC'4UE( ITBLE -T01301S,301i,-3011
00000 3ssLo COMNTNUE
00004 3011 TVR*C.u(O-rCsU7E( !T9LF-1))/(TC.4UTE(ZT9LE)-TCHUT!(IT8LE-1))
00000 DRPORh ITBLE-1 ).(DRI( ITALE)-DRl( ITBLE-ifleTFRAC
00000 DR00uVR/OIAHO
00000 [LuK(LliBLE-il.t(xLI(ITBLE).XL!(ITBLL-1I,.rrRAc
00000 xL0.xLDI(IT8LE-1).tXLD!4ITeLE,-XL0I(ITaLE-1fleTFRAC
00000 XL00mXLODIurTLE-I).(XL0DItITBLE)-XLDDI(IT8LF-1)).TFRAC
00000 XLX0ap-SORTF(XLOXL-XLY04XLYO-XLZ0.XLZ0)
00000 XLXOO.(XL.:(L0-XLYOeXCY0O-XLZ0.KLZD0I/XLXO
00000 P37PRXDO.XLX00-P13.PSD0.P4eC24.PHDO-Plt.TI400
00000 P3*YOXYOP4PD-4C5P40P2?O
00000 P39wRZ00.)(LZ00-P5ePHD00P2.C22eT)400
00000 D0 4010 IDQ~t0-2.HDR00
00000 tr(g?(01ro( OROO)-DRDO)4010,4011,4011
00000 1010 CONTINUE
00000 401t CVA&OAIIRD14CRT(O~o-DAIIRO1)(RODDI
00000 1I0R00-x1J/C0QQ0 IOIRDO)-ORDOI(IOQOO-1J)
00000 XKFmCKZF*CDRAT
00000 PAD0-XK/XLN.S0RTF(P3?.P37.P38eP344P39.P39)
00000 A(l.j~s-PA
00000 A(113)-PIA
00000 A(1,4)s-p4
00000 A(1,6)mPIA
00000 #CI.7)uP4vP13
00000 A(1.8)s-C31vP53-C24*(xJYY*Pl6)
00000 A(tp9Q)wC2!e(P20#C?2*XJyYY)-C24OP2*XB
00000 Ykl*PA*2i44oPo3-l93)P*I*;3Clv4c4tI*
00000 jB.C28.C2?eC4Q).CA5.C25.O21.C48.(C40.xjl.C33ePj? ).C47.C5?.P1?-C27.r
06000 2J39C48

00008 A(2.2)np4
00000 A(2.,3)--P13
00000 A(2o5I.P4
88000 i(2#6I--P13
00000 A(2,71.P4aP1-4
000-00 h2,p8)mP29C32-C25(Pl8*%XjX)
00000 A( 2.9 ?--C3!*8-P?0eC24-cd0.~xj~x

040YA(2)P33.6;4*P.o3- pa)P*1O4-2O4CAilfX
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00000 1 *C2?*C2ReC50 )C45-C24eP2lfC46.tC3SeP11.C41.XjI )*C47*C52*PI I-C28.EJ
00000 22*C46
000080 A(3#11%Pl3
68OOO A(3*2)a..P14
00000 A(3&4JPil
$0000a A(3#5)n-PLIA
00000 A 3*7 )--C42-P5*P5-xjZZ
00000 A(3,S)wp2*p4
00000 A13s,9)wPl*P5.C,)3o(XJZZ#C42)
00000 YA( 3 JP40.( Ptd.o3&-Pl3.P37 )*( P2P5-C24.C25.CSI ).C44'C22.( P20XB4C40
00000 1ec25.c51)*C4 54C53*p5-C54eP2eP4oC229C22,C48.(c0sr(2~..Pso).c51..jZZ-
00000 22.oC42)
00000 A(4.7)u-Pl3
00000 At4,8)sP4oC24
00000 A(4.QJe-Pli
90000 Af5.7!=P14
00000 A(5#6)u-P~oC25
00000 A(5,9)a-P12
80000 Atb,8)=-p5
00000 A(6,9J)2P2C22
00000 AfI0,4)&XLXD
00000 A(iQP5)aXLYO
00000 A(10,6)BXLZO
00000 YAL j0?NXLGXLD0- XLX0OoXLXD0-XL100.XLI00-XLZ00.ILZ00.XL0.XLD
00000 A(11,1)m-XSM*XLY0
00000 A(11*2)-XSM*XLXO
00000 Ai12,1ilxSh*XLZO
00000 A(t2t3)--XSH.XLXO
00000 460 C34xC22*C3
00000 C35zC.3*C18
00000 P6mC22eC20

00000 P2$mP?22C24,P23*C2S
(10000 P29-P22*C25-P23*C24

00000 P31-C34*C18*C23*C4
00000 P32aC23*C35-C22oC4
00000 P23vRAX1-RX0-P24oXN
00000 P34aRAY1-Ry0-R2S.xN
00000 P35-RAZ±-RZO#P21*XN
00000 P41-Pb/XL.M
00000 P42=P7/XLM
00000 P430P6/XLM
00000 At 1.10 )--P33*P41-P35.P43
00000 AII.11)--P23*P4i-P2bvP43
00000 A( 1.12 )z:37*P41-C4oPA3
400-00 -%.2-10)-P34*P41.P35*P42
00000 At 2.11l-e22*P4l+P2b#P42
00000 Af2,12)-C36*P414*C4*P42
00000 A(J.10)uP.34.P43-P33*pA2

OOQOQ A( 3.11 )P22*P43-P23oPA2
00000 A;3,12)mC37*Pd2*C36*943
00000 A(4,10)=P43
00000 YA(4) t3o4#i*4*C2C4poC>C3o2-l#5-6#4
00000 A(5,.10)sP42

00000 Vt



F
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00000 yA(@)n-c39-p394P40,P4@C444C22OP1OC45*C52*C23
00000 A(7#8)EP26
00000 A( 7#9Ja-C22oP29-C2.3*p26
oclooo YA(7)u-P29.C46-P280C?22C474(P26*C22-P29*C23)0C46

00000 A~11lol0*P7*XLX0-P6*XLYO
00000 Y#(11)3O00

00000 A(j2*10)uwP6*XLX0*P6.XLZG
0000 TA( 12 mCi29XLXrO
0000 470 PqzC24*C20-C2?*C19

00000 PIOSC2S*C20*C26eC19
00O00 PlIwCZ22CI9
@0000 460 P30-P24*C2S*P25*C24
00000 Pd44P25*C2S-P24*C24
00000 P45xC23*C20
00000 P46xC23#C19
00000 P47.RAXL-RXO
00000 PA3sRAYI-PYO
00000 P49*RAZl-RZ0
00000 P533-C3*( P7eC6*P8*C5)
00000 PS4-1C4*P17*C3*(P9eC5-PIO.Cb)
80000 A17*71s-PS3
00000 A(7sa)m-P314C20
ooQoo A(7o9)8-P54
400000 yA(7)-C43OC3*(P6QC6-P7*C5).'C4dOP32SC2o*C45*C(P6*C6-P7eC5)*C5*Pb*Cf
00000 1)2,2.(C4boP6.C3.C17.C47eC3.$P9.C6.pI0.C5)-C-48OP31.C19)
00000 A(8,1)=PS
00000 A(6,23hP7
00000 A(603)0-Pb
00000 A(6*7).P61
00000 A(8#6J'-P6?
00000 $-*Pb
00000 YA(d) *-C43eiP8.P55.R7.P5Oi.C44.(P45.P60.P6.P57)-C45.(P8*P55*P~eP5
00000 ioP*5)2*(A-xOOPDe7PU*~C4ID*lj(A-Y~
00000 2A(PS00*P6.PNDOOe64C25,TH00*PQ)-(VAZ-RoD0)S(PH00ooPA5tTND0*P17[+C4s
00000 3P6.(P55.C25.P56oC2a).C47o(P9.P55-F-10.P5Oi-C48e(Pl7epC0o-P4boP97I)
00000 670 A(9*l0I=xm2
090030 A(9.11)n-1.
00000 Go TO 500
;k0000 500 CALL. SIMEO(AYAB*K)
00000 ISTEPa-ISTEP
00000 ff( JSTEP).3100,900,350
00000 ýti0 IP-IP*I
00060 IFf .P-IPI )210,220,220
00000 120 XsRg0.YX*Tl
00000 TaR.O.VYTlT
00000 ZNRZO.YZ.TT
@0000 IP-X#XLXO.P14
00000 YPsY0XLT0.P1S
00000 ZPnZ*XLZO#P4
iŽ~000 XDORX00.vZ
00000 1-yov
00000 ZD*RZ0O'VZ
00000
00000 If 10 I.( 10 ).2..XSMq.8 10).(8C 1ieP8.8( 2 P7-( if33-32.16 ob)
00000 PRiNT 2,OXTZDy.~X~PZShOTO(tH 1Q
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fnncoo 20 FORMAT4///4F21.8/ (20Xv3F2Q,8 I
nn000 PRINT 41,TC
80000 4t FORMATi2OX&r2O.8)

n0000 22 FOR"AT(20X,3F20.8/)
WO0'O 2&0 G0 TO 213

nfloof# 213 IFV(8(1))25.215,214
fi0000 214 C5989(12)/8C10)
no000 Cb~min1OP47*P9,P44P17oP494Pl10P23.P9.P22*PI7P2&)*Xr42(P17*P27-
naooo0 11$*P24-P9*P25)ON4#P549C59
00000 IFiC60-XLC-0)35C#2.25*215
00000 215 PRINT40PTO
00000 40 FORMATC///F20.,620H END OF TIPOFF PHASE)
110000 KOK-3
00000 DELTOuDELTOS
00001 DELV2nDELTO/2.
00000 DET2sOELT2
A0000 .ISTEPw1
nfif00 IPISXI1P3
flfl000 IPSIPI
n0000 C PHASE III IWPUT TAPE
nnfl800 vRITE TAPE to DATA
114000 WRITE TAPE IDKKLAXKDSXKOAPHQPHDQRZOORZO
00000 WRITE TAPE 1,(TCI4UTE(I),UREUl)).XLl(II.XLDIl!).XLODItI),tiDNTBLE)
n8l000 WRITE TAPE 1,(D;ZO0I(I),.CDRATI(I)ulu1,NDRO0)
00000 G0 TO 900
00000 350 RXD0wVELOUf(RXO1,8(j))
00000 RvDO'VELOCF(RYOi,S(2))
00000 XLZDOsYELOCF(XLZOl#8(0P1
00009 XLTDOuVELOCF(lLYOI,B(5)f

00000 PSDOnvELOCF(PSOI,8(7)lI 0000 RX~aO!SPLF(RlIRXOI*RXDD)
10009 RY~wD!5PLF(RYlfRYDI,RYDO)
00000o XLZOO0ISPLFtXLZIILZOIALZDO)
00000 XLiDSL(~tXTlXVQ
00000 PS0=DlSPLF(F3!,fPSl#SDR50*
06(t00 THO00vELOCF(TM0i,8i;'
60000 TH0&OISPLF' ;M$,TH~1,THOO)
00000 360 lO*TO.OEL1?
00000 DET2&0ELTO
00000 IF(RSIEP)300.900*200
00000 900 STOP
00000 4
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90000 C GROUND SLIDE AIR DROP SYSTEM DESCENT PH4ASE
*0000 VELOCFI.DAoDB)vDA#08oDET2
600000 COMMON CNDDELT2,P5:;PSDORXORYODRXDO.RYDG.XLYDO.XLZDGeXLZSD

06000 1XLYO:7HD9*;HO Cj6' Tg TRAXOVAXRATOVAYDRAZSDVAZDCIJ#Pg**C24*C3D0
&FIGS 24*6,C~C37P36,IHnP23,P22,XMPP24,P25,pP2iDFx&.C,.X0.XJ1,MT3LE, DIA

06000 3M0.NORDOCKF. XLN.XJYYC40,XJ3.XJXXC50,XJ2,XJZZC51,X8N.C39.C12,K,
00000 41STEPIPIPI .VXVYVZ.XLCgflDELT03.XIP!3.0ELTO PZDTEST
00000 EOUIV&LENCE( DATA(l)vCN)
bG.oo DIMENSION DATA( 73)
00060 DISPLFCOADBDC)SOA,(09*OC)*0E12/2*
tnote, ftlMENSION At12ol2 )#YA4 £2 )#O(12)
AlBoCo DIMENSION TCMUTE( 12),DRI( 12),XLI(I2hXLDI(12).ILDDI(12)
onnnnlf DINE4SION ORDOIt 15hsCDRATI( 15)
oafAArl r IF SJI IS ON* CASE NUMBER IS READ FROM CARD AND DATA ON PAPER
^annnf C TAPE IS SEARCHED UNTIL THIS CASE NUJMBER IS FOUND
Afinnof r IF SJi IS OFF r THE FIRST SET OF DATA ON THE TAPE IS USED
Anflfft IF(SENSE SWITCH 1)7000*7100
AoflOQ 7000 REAP 8000,CCN

11 floo 8000 FORMAT(FIO.0)
alfooo 7100 READ TAPE tOATA
Aflfldo READ TAPE I ,XKLA*XKD~oXKDAPPN,PNDCRZDQ*RZI
ApAAUnf READ TAPE IaTlCHUTE(I).DRIII),XLI(I),KLDILI)sXLDDItliDIUpi78TLE)

fkpknnnREAD TAPE 1.(DRDOI(l)eCDRATl(I),Iw1,#NORDOI
#%Ono(#IF(SENSE SWITCH 1)7200,.40D2

Alahnf 7200 IF(CCt4-C%)710Gs1002,ZISO
'n'"'A 8OO2 PRINT4#CN

^ftn~m 4 FORMATC12MICASE.NUMBERF7.4/14H DESCENT PHASE)

ftAhoi Nzw I
flflfOo DO 80 ITBLEe 2sNTBLE
64000 JFlTCHUTE(ITBLE)-TS) 8lv81,S
80000 80 CONTINUE
00000 81 TFRACm( TO-TCUT~tI T;LE-1 ) M TCmUTEcI TOLE )-TCHUTE( ITBLE-1)
90000 XLaXLi(ITBLE-1)*(XLlitITRLE)-XLI(IIOLE-1))STFRAC
00000 XLO=RLOI(ITeLEc1)*4XLDI(ITSLE)-XLDI(ITBLE-1))*TFRAC

11 4000 XLXO= -SORTF(XL.XL-XLYO.KLYQ-XLZCeKLZQ)
6'infifo XLX0O' 4X'-sXLD-ELVOoXLTD0-ILZ0.XLZ00)/XLXO
annnoo C
Aftlo0 201 DET2=OELT2
flflfOO PSI-Pso
flflfoo PSDIzPSDO
ftpuoo RXlwRX0
00000 RTL.RY0
00000 RX01-RIOO

40000 XLYOI*XLYDO
f00300 XLZO1"XLZDO
40000 C
no000 XLXO1a XLX9O
nI-nn0 C

AA()AOXLZI-XLZO
fAflnfG XLYI=XLYO

A0000 XLXI&,XLXD
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10000 280 TmIsTHo
06000 TH0X-rHOG
00000 RZ~ir-DZDQ
00000 RZ1mRZ0
00000 290 PHDt*PHD0)
00000 PHISPH0
00000 300 TTuTO-T
00009 PAX1iaRAXD#VAX*YT
00080 RAY1SRAro*VAY*TT
o0coo kAZimRAZb*VAZ*TT
00000 DO 410 Ill12
00004 YA( I IS.
00000 v(I)s0.
00006 00 410 Js*1.2
00000 410 £(I#J)&C.
00000 A(4.1)=CI3
00000 A14s.4.)1.
floco A(5,2)oC13
00000 AC5o5)s1.
00000 A(o,3)=C13
00000 A(6*6sl.
00000 450 C18-C2b-PSa
00000 C1?-SINF(C16)
00000 ci&ýCOSF(Clb)
00000 457 C19wSlNV(T80)
00000 C2OsCOSF(THO)
00000 C21*C!9/C20
00000 C22-COSF(PAQ)
00000 C23mSINF(PHG)
80000 C24-SINF(PSO)
Q0009 C25aCOSFVPSO)
00000 C27-C25-C23
00000 C28*C24wC23
00000 458 P1.&AoC19+C*C20
00000 P2=KA*C2D-CfC19
00000 P3mPloC23
00000 P4ma~isC22*xB*C23

00000 C29-P2.C24
00090 C3OuP5*C25
80000 C31-P2*C?5
00000 C32xP5&C?4
fl0OOO C33w2.*P4
floOOO C40vC24*C22
00000 C41='C25*C22
00000 C42-P2*P2
00000 C43-.PSD0.PSD0
00000 C44mPIHOO.PH09
00000 CA5uTHOO.THDO
00000 CJ6OPNOO.PSDO
00000 C47*PSDO*THDO

C 00000 C46=PHDD0.TND#
00000 CS2n2.*P2oC4S
00000 C5.C~3e*C46
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@00004 C'5422.*C47
00000 P7mC24*Cl94C27*C20
00000 P6-C250rl9-C26*C20
00000 PL-PI*C25-P2sC28
00000 P12wPljC2d.P2*C27
00000 P13OC29-C30
00000 pj42C31ec3d
00000 PIl5wC29-i-3&C25
00000 P16wC31,P3*C24
00000 Pleamp1ltE#BOX8
00000 P19a(XAIXA*C*C)oC22
00000 P2C'-P194p3*xo
00000 P2lxC33*PA#XJl
00000 00 3010 li61tu2,HrBLE
00000 IF(TCHUTC(It8LE)-TO)3010,3011u3011
00000 3010 CONT INVE
00000 3011 TFQAC.4TO-TCHUT.( ITO E-1))/(UCHUTEUTSLE)-ICHUTE(IT8LE-1)I
00000 0RaDRI(ITOLE-1),CDRI(IT8LE)..DR'I(ITBLE.11)@TFRAC
00000 OROOmOR/DIAMO
00000 XI-L IU TStE-I .( XLI(II ILE )-XL 1(1TBLE-1 I IeFRAC
00000 XLOUELDI(IT8LE-i).(XLDIIITBLE)-XLOI(IT9L.E-1))*TFRAC
00000 XLD~o.L0OIU!TBLE-1i4(ELDDI(IT3LE1.-XLD01(ITOLE-1))9TFRAC
00000 C
00000 G0 T0 (1,2i NZ
flfooo XLE2x -SORTF(XLOEL-XLYQOOLYO-XLZO*XLZO)
00000 IF(XLX2*io)i,12#12
00000 11 XLEOu ELI?
00000 XLX00' (XL.ELD.ELyO.XLTDO-XLZO.XLZOO)I/tlý0
40000 00 to 3$
00000 12 NZ- 2
00000 XLXO~s V'CLOCFCXLXIO1,(4))
00000 XLX9O IIbPLF( XLXI,XLXDI.XLXOO)
00000 2 XLZOv SORTF(EL.eL-rLX0.XLE0-XL10'ELY0)
00000 XLZOO- C ELeELD-XLYOXLYD0-XL~g2eXLE00 )III.ZO
60000 3 P3J7- RXD0.ILXD0-PI3.PS09.P4.C24oPm00-P11.T$D0
00000 C
00540 P382RTDO.ILYODePI *SOPeC5PD-P2TD
no000 P39siRZD0EXLZDO-P5.PHD0.P2.C22eTH00
00000 00 4010 IOROOS?,NOR~o
00000 IV(ORDOI(IOROO)-ORDO)d010,4011,4011
0000d 4010 CONTINUE
ilbooo 4011 CORAT3C0PATJII0RO0-1I*C0RAT!IUDRDO-CDRAT1IUODRO-1I.U(RD0-DRDOIC
00000 IiODDO-1)3/(DOAOI(IDAOOi-ORDOI4IORDO-1))
00000 X4FvC~r.CORAT
00000 P40elF/ýCA.SoftTFgP37ee37.P3a.P38.P39.P393
80000 A(1.1)--PO
00000 h(j,3)*Pj4
00000 AII,4)--P4
06000 A(l.6)nPl4

Anolo A(1.8)m-C31.P5-C24*(XjrY.#Pl81
66600 A(1.9)5C25.(P?0.C?2etJYT)-C^24.P2.XB
60600 VA(I)s-P14432.18eP4O.IP4.P37-Pi4.P39)-PA*PIA.C43oCJ1.P4eC44-IP12.E
otfilfl 18.C28.C?2.C49 3.C45.C25.P21,C4*s( C40.xj1,C33*P12I.C^47.C52.PI2-C?7eX
nflfl00 2J31C48
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nann 4 2,2 )uP4
aft000 A(2,3)s-P13
f00000 AII2#5)-P4

ftnti0 A(2.7)xP4#Pj4
00000 £(2.S)&P2*C32..C25*(P18.XJXX)

AA~bgfi£iC27*C22'C50 )'C45-C240p2l.C46*(C.33*PiI.C41l*XJI )eC47.C520PII-C200XJ

A400002*4

("1000 A43.4)&P13

hnlfflf A(3,51--P14

AAA000 AC3#7is-C42-P5*P5-XJZZ
Annfnlf A(3#8)*P2.PAIln~ A(3.9),zP1.P5+C23o(XJZZ*C42)
flfllff YAt 3 )P40.( P14,P3a-P1.3.P3 )*( P2.PS-C24.C25.051 )eC44.C22.(P2.X5,CAO
00000 IeC?5.C51 ~.C45.C53.P5-C54.P2.PA.C?22C22.C4b. COSV( 2..PSQO C5t-XJZZ-
An000 22,*C42)
nnoi'0 A14*7)--PI3
a("000 A( 4#6 )P4*C24
C3000O A(4.9)o-Pli
00000 A(5s7i=P14
00000 A( 5, &)a-P4oC2'%
00000 A(5*9)o-PI2

00000 AC6.9)-P2oC22
00000 A( 7p4)*XLXO
"fl000 A( 7,5)-sXLYO
00000 A( 7pbe)XLZO
00000 YAt 7)=XL*XLDD- xLX00.xLX00-?XL10O.XLV00-KLZOI*XLZ00.XL0.KLD
00000 A( 8,21*XSMoXLZO
A.1000 A( 8,3)%-XSM*XLYO
"10000 A( go1)&A( 8,2)
00000 A( 4*3)--XSM*XLXO
00000 470 P9=C246C20-C27*CiQ
00000 P10=C25oC2o.C2&*C!9
00000 P17-C22*C19
00000 P30wRX0OeRXD0.RrDOeRO0.RZDOORZ00
00000 C5omS0QFlFP36)
004100 C57*( Pi0.RXDO.P9eiRY00,P±7oRZ00 )/C5£
00000 C5&&SOUTF(I.-C57*C57$
00090 ALP,4A&ACOSF(C57/SORTF4C57oC57.C500C58))

00000 IFt CS6 90L0'9001.9001
00000 9000 ALPiAAs-ALPHA
00000 9001 XK~aXKLA*ALPHA
(b0000 XK0DaXK. EKDA*ALPmA*ALPHA
00000 YA(4)v-(XK0.P10,XKL.P8).P'ý6-/XLM-P37.P40,P14aC434C32eC44.P10.C45-CS
00000 139C25-PI26C54-C520C40
00000 YA50(~*9X~P)P6XMP&*4*le4-3o4*lo4-2
00000 I*C5:3#?11.C54#C52*C4i

00000 YA 6 )u-( Xe(0C19-XKL .020 1.P36.C22/XLM-CJQ-P39*P40 P4eC44*C22oP1.C45

00000 1.C529C23
00000 'tA 8 )=P36*( xL'0@C22e( XKD.C19-XKL.C2Q)-XLZOQt XiKD*P9QEKL.P7) )sCl2.Xt
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ROOCOITO

flO00O YA(9)4P36.(XLX0.C22.(XI0*CI9-XKL*C20)-XLZO0(XKO0P10*XKL0P4fl'C12*x
00000 ILXO
00000 500 CALL SIMEO(ATA&B*K)
00000 ISTEPa-ISTEP
00000 IF(ISTEP 3310900.350
00000 310 1PMIP41
014000 IFCIP-IPI)210.?20,220
v...OOO 210 GO !O 216
A0000 220 XaRX0.VX*TT
00000 YURTOGYY*TT
80000 ZoRZOtvz*TT

60000XP=X#XLXO*PI4
00000 YPnY~xLf0.P13
00000 ZPaZ+XLZO*P4
00000 XDRXDO.Yk
afloQo YOPRYDOOVY
n0o00 ZDaRZDOOYZ
sAftnl TCaS0RTF(XSMqeXSM(8 1)*841 )8(2 3.842 3.49433-32.16).(8{ 31-32.16) ý*1

1XKL*XFKL.XP0.XKD,.P36.P36.2..ESfl.P36*4Iiti).,(XK(L*PS-XKDOP10)t8(2)*(X
"Goo0 2j(L.P7-xFKD.P9 )-( Bc )-32.1o let KL.P6.XKD.P17) RI
nflf:)o PRINT 2ObT0,XYZ.XDYO.ZD.XP.TP,ZPPSOPt10.THQ,(Bl 13.1.19)
00000 PRINT 21PYC
00000 20 FORMAT(///AF20.6/ (20X03F2008 )l
oflOOo 21 FORMAT(20XV20*8)
aflooC IP-0

nafloo IF(Z -Z0TEST)9O1#9O1t'35O
nlAnnn 901 PRINT 50 1 T0
o0000 G0 TO 900
nnnnon 216 ZD*RZD0sVZ
nn000 11(Z -ZOTCST)217.?17,350
"Orto~f 217 PRINT5O,1O
An000 50 FORMATt///F20*6.21H END OF DE4CENT PHASE)
-()OG G0 TO 220
tdIooo 350 RXD0wvELOCFCRX0i.8(1))
nn000 AVYOOVEL0CFCRvOI,812))
110000 XLYO0zVELoCF(XLYD1,8(511
00000 PSDO0VEL0CF(PS01,8(7))
00000 RX0=01SPLF(Rx1,#RX01.RXDD)
00000 RYaOJDSPLF(RY1,PYD1.RYDO)
00000 XLTO*UDSPLr(XLYjpXLfD1vXLTD03
00000 PS0wO1SPLrfPSliPSD1,PSOO)
00000 300 Pm0O0VEL3CF(PHO1,8(6j)
00000 PHO.OISFRlC4PHIEPI.41)1PHDO)
00000 370 THOO-YELOCF(THO1,9(9))
00000 THO-!OISPLVUH1.'THtID,THDO)
00000 R7OO-VEL.OCf(RZO1,B(3))
0004c, RZ~xOISPLf( RZI ,RIDI #ZDO)
00000 C
00000 00 TO (13&14) NiZ
00000 13 XLZf0Ox VELOCF(XLlO1,i(6))
00000 XLZD- DISPLFIXLZi#XLZD1.XLZOo)
00000 00 ro 380
00000 14 XLXOO- YELOCF(XLXDI,8(41)

00000XLý*0s OISFLF(XLXl,XL$DI,XLXO0)
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00000 380 T0mT0*OELT2
00000 DET2&DELTO
$0000 IFl ISTEP )310,980,200
00000 900 STOP
12 e 1 END
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40000 C GROUND' SLIDE AIRDROP SYVTEM IPIPACT PHASE
600000 VELOCF(DA,091-0A+DO8DET2
$GOOD D1SPLF(DA.D98,DC)m0A.(OBe0C).DE12/2.
*00069 COMMO0N TODEL70.XbXD0,Y*0TI406, D~XIX,, LXDSYIVZALT.IKi.Xt3p
00000 hxA ,XC,DV. xLC xl yy .xKF~xS$,xL',CN,TPI@IAE,DCJ4uTE,XMu.XL,FI,X191.!00
00000 2,'00
00-000 EOUIVALE'4CE (DATACI)&T§)
(;DODO DIMENS13NAf.)Yj.B)
00000 DIMENSION D&TA(3l)
@0000 READ 10.DATA
00000 10 FOR'MATC8V10.3)
00000 P214T20,C"g
00000 20 rCAR.AT~I12ICASE NUM8ERcJl,4/7H !FPACT)
0000s P'P14T 30.DATA
00000 30 FO'IMAr(i/om INPUT/(6Fjf.3/))
00000 T!HTI4O)50#260,40
90000 40 Oxw-XLC*0
00000 GO TO 44
40000 50 0XzXLC*fl
00000C 44 1K-I
00000 45 DELT24DELTO/2.
90000 IPIaEIpt
,.*Go0 IP=IpI
)DOO ISTEPxl

00000 55 ASSIGN 63 TO ICHECK
00000 ASSIGN 65 TO ISKIP
000o0 AS'. ION ?1 to IGO
00000 60 Ci- S1'4V(719)
00000 C2*' COSFfTMO?
09000 P1' xAeCioXCeC2
00600 P2w XA*CZ-XC#CI
00000 P3= XKI*.C1.EK3oC2
60000 P4= XKt*C2-XK3eCl
00000 PS- DX*Ci*F*C2
00000 Pea OxeC2-f.r1
00000 GO TO IC'sECK
00000 63 XLZO* SORT.-(X'.6XL-XLX0*XLX6)
00000 XLZOCm -ELXO*XLXDO/XLZO
00003 ZOu ALT-PS
00000 Z0O- -Po*THiDO
80000 GO TO ISKIP
00000 64 XC.t XEA~tx6EA-P6
040009 XDO- P5*TmOC
00000 65 P7= X00.XLX30-FAsfHD#-vz
00000 P8s ZDG*XLZDO*P2*IHD§-VZ
00000 ?Q% XKF*SORTF!P7*P7*PSP6),iXLh
00000 PlG' P7*P9-P2*THDO.TqDf
00000 P1!- F~eP9-Pi*T.40GmTqDO0.3,io
06000 00 70 1-1.6
00000 YA( I' 0.0
c00o0 00 70 jet,&

C00000 70 AtstJ)- 0.0
00000 A(Ioi)'xS91 * ELM
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00000 4(1.2). XLM
80000 00 To la0
00000 71 A(i-S)u-XLM 0 P1

0oc0$ V&(Il, -FI-xLm'Pis
00t00 A(2,3)s XSM 9 XLM
Ma00 A(2.4)u XIM
Mo0o £(2#5)m XLM v P2
co0o0 A(2*6)u -1.0
c000a YA(2)w -XSM*32-18-XLM*PII

OOQOQ 4(3.2),x Pt
@SO@Q (3#3)v -P2

c00o0 A(3,41u -P2
0~3000 W(3.)- -fXITY/XLM#P9P.-P1P2*P2)
cocoa A(3*6;u (P6'.fI4U*PS)/tLM
go00# YA(3)m P2*PII-P14Pl0-FleP3/XLM
GO000 A(4.1)- XLZ9
lo0ns A(4*2)- XLZO
00000 A(4v31w-XLX@
00008 Ai4,4)w -X110
aooog A4#45). -PI*XLZP-P2oXLXS
00000 TA(4)w P11.1110- tXLZO

00000 A(5,2)s XLZD

Mo00 TA(S)1 -(XLXO0eXLXDfj;(LZDO&XLZ00)
$0000 i(0.3)- 1.0
ca0a0 A(605)0 P6
It40001 TACO)v P5*TmDQ*THDO
6000 IF(ISTEP)320,960.310
@ocoa 310 DUT2-ELT2
00030 11SZ0
c00a0 XDIvXOO
$$sea XLXlnXLXI
0000 XLX019XLXDO

WQoo VMS'TMO
**000 TmDI-1'NDO

00Q06 u@+
04001 320 CALL S1"EiQ(A,TA.,QK)
00000 ISTEPs-ISTEP
20000 SF1 STEP)SO@900.17o

ofleos 0 1pmzp+±
*too$ IFt1P-IPI)120#10Q,.100
0000 100 PRiNT110,lgX0,Za.TH0aXD0,ZrPJTHDOPXLX0,XLZ0,(ul(I).1ls*,)
'4000 SID FORPIAT(j/14r20.a, (20Xp3F2Q*4 1)

l000@ 120 IV(ZD0-P5*TH00)220,239pi30
00000 130 1VtTH.4XTHCnA.C.T~40.THO)1A0,140o.140
00so$ l4g IF(Irfl-?211Al150v141
00000 141 IF((ALT-V.1 ALT-F -ZO.Zg)240.,240.150
00000 150 !V1((.LT-i8-XLZ0.P1).(ALT-Zg-XLZO-Pl)-DCHUTC.DCUIE/9,g. 200.200,i70

*0@006 1?S THi)OUVEL0CF(T$L2,BC5))
fool$ TH.40.ISPLF( TMiTMDI,THD0I
00000 9179 X0-VEL~O~r(01#81¶))
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10000 XLXOOUvELOCFIELXOI#8(2))
00000 XO-DI5PL~tX1.XD1v1OO3
00000 XLXCeDISPLr(XLXIPXLYO1,XLXOO)
90000 TD*TO*OELT2
00o0* DET2vOELT0
00000 JK*Q
00000 00 TO 55
00000 180 PRIHT100,10
00000 190 FORMAT(/F20*8#?8M CARGO LIKELY TO TURN OVER)
00000 900 Slop
00000 200 PRINT21O,TO
00000 210 FOOMAT(/F20.8#484 CHUTE IN CONTACT WITH GROUNOIMPACT EDGE MOVING)
00000 GO tO 280
bob00 220 PRJNT230,TO
00000 230 Fo1idATt/Fe0.6,31H IMPACT EDGE HAS STOPPED MOVING)
00000 GO TO 290
c00oa 240 IFf011250.900.260
900300 250 TL4O-0.

00000 OX~xLC*0
O0G009 TN400s-(.3eZOO/0X)
00009 10 To 9170
00000 2oO PRINT270,TO
00000 270 F0QmAT(/F20.8.23w STABLE SURFACE CONTACI'
@0000 GO To 300
00000 260 IP=IP1
co0oa ISTEPmi
00000 3.30 DET2'.OELT2
00000 RI-rD
@0000 XDIwXD0
60000 XLXIwXLXO
00000 XLXDi*XLIDD
P0OO0 THIsTNO
00000 THoItaHoo
00000 335 ASSIGN 63 to ICI4ECK
003000 ASSIGN 65 TO ISKIP
00000 ASSIGN 72 TO 100
10000 GO TO 80
00000 72 A(1,5)m -P1 0OXIM

00000~ Ativb)u XMU
06000 TA(1)a -FI-PIOSEIN
00000 A(2.3)u XSII 4 ELM
@0000 A(2#d)u ELM
00000 A(2.5)w P2 0 ELM
40000C A(2.63u -1.0
00~000 A(2,7)m -1.0
00000 YA(2)x -3?.I6*XSM-P11.XLM
00000 ACS.1Sz P1
00000 At392)w Pt
060000 A(3.31w -P2
M.oo A(3,A1m -P2
*$coo A(3*5)9 -(XIYYIELM*PI.Pi*P2*P2)
6000! i(3spb1m (P6b.P5*.Eu)/XLM
00000 A(3,7li P2/YLM
00000 YA43)m P2*P1IIP1*P10-FV~eP3/XLM
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000-00 A( 4.1 )a ILZ0
00000 A(4#2)z XLZ0
@0000 A(4.3)n -XLIO
0O0001 A(4#4)a - XLXG

00000 A01,5)w w(P1.XLZ0*P2*XLXI)
00100 A(4-7)m XLXO/XLM
$C0co YAI4)m PiIOXLXQ-P%04'XLZO
e~ooo £15.2)- XLX0
0o000 A(S.43= xLZO
$c000 YAtS)0 -t XLXD0.XLXDQ*XLZD6*%LZ'J0)
05000 A(6&310 1.0
8904a A(b.5)n P6
00000 yAtb)z P56THOO.THDO
sc00t A(?3)z 1.0
cac0o A(7*41o 1.0
00000 A#7.5)- P2
20000 YAt,)a PI.THOO.THOI
00000 K-
00000 JmK*1
0a000 CALL SI"EG(A*YAp99K)
cocoa ISTEPa-ISI(P
00000 IF(!STEP)360#900*,4J,
00000 360 IPSIP41
040000 IF(IP-tPIJJQO,370,37G
00000 376 P0I1T110.T0.X0,Z0.TI40,XDO0ZD0,1H00,XLX8,XLZD*s(15( I #7

00000 390 IF( X00-P~erMOO )4P9*400,4i0
00000 410 lr(IK-2)4t1.43D&411
#0000 411 SF((AL1-F)*(ALT-F).Z0.Z0)420.420P,4,0
c00o0 430 IF(THOAte*TH40AX-THgVTN0)150.180e435
*0000 435 TkQ00.YELOCF(TH0IsB5))
00000 T40-OISVLF( THIoINDI.TI400)
00000 9435 XO0=yLLOCr(%DI.,9(1))
@0008 XkXV0-VL-F( :LXDI S( 2 P
*0o00 xo-OISPtFrX.E,XI0I*XDQ)
00c00 XLx9mDISPrtXLxLX31*,XLXDI)
09600 T00JO.D(L12
60000 DET2v0CLT*
00000 IV

GCO60 420 IFItxz5C,400;570
o000o 560 YHZO

00600 TIND0-( .30100/0X3
cacao 00 TO 9435
#veto 290 xEAwxo
30000 P6EAwPb
00000 450 jP*!PJ
@0003 ISTEP.1
00000 480 DE12*0ELT2
$0000 )(XLX~LXO

0,0000 ThE01%Lk
00000 !HI-THDO
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00060 405 ASSIGN 63 70ICHEC9

00000 ASSIGN. 64H TO ISL

00000 GO24) TOL6
C00000 7 A(295)* -P2 XLM
00000 A(2,6)w -1.0
00000 yA(2j~ -FS'132.6-PI.XL

00000 A(23.)6 P1 *XL
00000 A(2-4)- P1M
00000 A(2-3Jx -P2o L
00000 A(3.4)x -1.0
00000 YA(2.)m -,(SP1.P16Pl.PXIT/XN
00000 A(3 .1 ) a PbXIi
00000 A(3,2)w PI/j
00000 YA(3*)= -P2.PlP.1-lPIU
00000 ACA,1)x -P2
00000 A(3.5)x -XlZO *2*2XYYX
00000 AEA3,)s -OXLrO
00000 A4(4,4w -5XLXO

00000 YAf4)n P11.PLX-PjPl0.tj*3zQ L
00000 A(5.2)a ELZO
00000 A(4,2)o XLZO
00000 rh(5.3) -(zLX0.LO.LZ0xZ0
00000 A(6.3)0 -XX
00000 Atg,5)a -Pl~LDP*LQ
00000 TAI63u Pll*XLX9-PlotLZ

00000 !A(5-2 XLXODe~
008000A540XZ

00000 A63, .
00000 CA(65L P6E(A~.~

Oo002 A(71) 1.C~e0,05J
*00000 49-P5[.

00000PJ)2050,0

00.3 500 L P SITEi0.TYsX0,Z.0gQDH01L0XK,0(l1

00400CC(,11~i)

*0000 95,35
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110000 1F(!STEP)465v9Q00460
A0000 540 MO(X)55O.e400.260
00000 550 xEA-XO.ELC*2.
00000 *bEAuDX*C2-F*C1

00000 1K.?0

00000 OXsXLC.O
0O000.. TxD0w 1.30100/Dw)
00000 Go To 0535
c00oa 400 PRI- 580,Tdi
60000 560 FORtiATi/F20.6#48hl CHUTE IN COMTACT WITH GROUKD,1MPACT PT. STOPPED)
00000 xEA-XG
00000 6s6
00000 540 IP-!PZ
c0000 ISTEP-i
00000 600 DET2uOELT2
00000 XLXI*XLXC
0000a XLi01wXLXDO
00000 THlaTxO

8D0l0 605 ASS1~k b3o f, !CHECK
80000 ASSIC.ft 6ý TO ISXIP
@0000 a ssti~ 74 To 100
840o0 GO TO 69
00000 74 &i1ts5)m -Pt X LM
Decal 8(1.7)w 1.0
00000 YA(1)w *F1-PIO*XLH
Sdoca. A(2#,3)u ESM + XLM
00000 A(2,4)w XLM
00000 £(2-5?r P2 0 XLM
00000 A(2*6)e -1.0

coOcoa A(2.8)*- -1.0
na000 YA(2). -32.I6*ISM4-PI1oKLM
00000 A(3#1)- P1
00000 A(3.2)u P1

00000 A(3.3)* -P2

000 (34.)0 -(P2.LOP~LO
4000U0 A(3,5,)u ELXO/eLMP41XIYX

008009 YAC 4)w P2II.LMOP1@
00000 8(5.2)- PP1LEQ4TF*P/~

0000 (54,).* XLZO
00009 ~ &(,2)-( XLXDO.EXOEZ@EZ

a00000 A(4.3)n-X1.0
00000 A(4.5)u P6LX

00000 18(A61' I'5.THO.THO
000 A4SPi*L0P*1Z

000 7,2uXX
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00000 At 7,3)- 1.0)
00000 A17,A)a 1.0
00000 At7,5j. P200000 YA(7)x Pi*THDO6rHDO
00000 i~a.114 1.0
00000 A(8.5)u -P5
00000 VA!6). Pb&THDO#THDO

00000 JaKol
00000 CALL slN(0(A,YA,S,,;)
00000 ISTCPO-JSTEP
00000 1V( 'STEP J630,900, 70vOO000 b30 IPZjP.1De(cleo Ir(IR-Jp!)6bbo.6dO,

6 4 000090 040 PPiNiT110~t0.KIZOeTHQ&OX*DIOTO*LCXZr(t~lls
00090 

-.

V

00000 6?0 IFlI-)7,7),7
O0000 671 F: ITF4(L-F-#Z)&.6,8
00000 600 f~rio)690.900,SO
00000 640 T,40=0.
00000 K1
00000o DX3ILC+D
00000 TDx(JZDix
00000 jiKLo
00000 GO TO 970000000 700 Tm:0cvELOCrLTP.Di,8(51J
anooaT3OSPrTjTojTAQ
0#0000 9700 )XLXD6-VELCCr(XLXD1,q(

2 J)'P0000 !ýL0,3=ISPLF(XLIXXjXXQ
00000 TOSTO*cDcL12
00000 DET22DELTO
flflfoo ir(isrip)boce~goo;,

0 0fnnnoo 300 IP-1-11
nnnoo 1ST.-P.i
n0000 710 DET?-DELY2

f'~nn0 XLXIcXLXO

An~nLIXLXO)I/L kDO00000 715 Pj2%KD3*XL7XDO.Vg
00000; P13XL. OV
Oflo 00 XLZO= S~;Tr( rLel-.]fLXDOLze Ionnoo ALZDO0.~xxL L0XLD0/xLZO00000 00 720 1-,
41000o YAM-i 0.0
44000 00 720 J%1.8
0flo0o 72 A(I,Jp.- 0.0rinnoc A(1,1)- ASA * ALM40000 A(I-2)w XLM

na0t00 YA(I~a-IPmsl*~
nA000 A(2.3)". ALMAP000 A(2,4)a -1.



PAGE NO. )13

AIRCRF-r AtJWAEN'rj~c.REPCRT NO. ER -38 41

RAtiftho YA(2)- -(R(SM+XLM)'32.1tý-P1ý#Pj40XLM
flRflO A(3,1)w XC
aflaaa0 A(3,,210 XC
onfloo A(3p3). wXA
fAAOOS At 3#41' XMU*F/XLN
fl000O A(3,51= 1.0/XLM
~00000 YAC3)s XA*(32.16.P13*."t4b-XCOP12bP14-F.XK3/XI.M
Aft000 A(4.1)- XPZO
Adage A(4,2)' X1CZO
fin000 A(4#~3): '-XLXO
"noo00 YA(A)'. XLXS.(32.1b.P15oP14)-gLZ0'P12.P14

11 fnildA15,2)v XLXO
finflo0 A(5,.3)- IftZ0
R(fiflO YA(5 )s -( XLXDOOXLXDI*XLZDO*XLZOO)
fi0000 K-S
fidfl08 J=K~l

Annoo CALL SIMEO(ADYfA.9vK)
001100ISTEPa-ISTEP
A~flO0IF(ISVTEP)73iG#9400,@l

00000o 740 IPxIP.1
00000 IF( IP-IPI )776,750v7S0
00000 750 PRINT110.TSX0WXLXSXLZB.XD0D*(0(1)D1U153
00008 IPSI
40000 770 IFt (ALT-Z0-XLZg-P1).(AL1-ZO-XLZO-P1)-DCHUTE.0CMUTE/9. )570.570.780
flanbO 760 IF(XD4)790&790eig.0
fl1000 79* PRINTa00,T4
06060O 800 FORMAT(/F2$.ISOH IMPACT PHASE: SUCCESSFULLY COMPLETED)
110000 STOP
00000 010 XO0uiELOi.,r(XD:ltB('iý
00000 XLXO0=YELOOF(XIýXD1*8(2)
0 0000 X0-D1S0'L.V(E,XD1,X00)
00000 XLX0uD!SPLF(XLXI.XLXOI.XLX~l)
60000 TO&T0#DELT2
00000 DET~uDELT9
00006 IF(ISTEP)715#90oll
bo0o0 570 PRINT620,Tl
60000 620 F0RMATU/720,6#40H C44UTE Ik CONTACTPSTASLE SURFACE CONTACT)
00000 650 IPftIPI
00000 80ISTEPw1

00000 840DE'x0LT
00000 XDI.xD
00000 645P1-XDQ-Y

ol00o P13s-VZ
16044 P14m XKF*OSRTF(Pl2#PI3,Pl3*Pl3J/Al.M
00000 DO $46 141.8
40000 TAC 3)' 0.0
Golfo DO 846 J=I.8
60O40 646 4(1&J)- 0.0
00$$0 Alt.1)- ASK # XL1I
60000 A(l,2)'. xmU
Gad*$ 4(1.41'. -1t0

C eoO~qiA(t)- -VI-P12.PI40XLM
A(2#2)'. -1.0

$00000 I.I.-.
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flflffafl A(*Jsw -(XSM#XLN)032.16-P130Pl4*9LM
A0000 £(3#i)e XC*XLM
"*000 A(3#2)u imuaf
00000 A(3,3)- 1.0

40800A(3,4Ju ZA
n0000 TA(3)m XLOA(21*1,P4-XMXo~iol-*K
00000 A(4tt)u xLZo
#f0ll A(j,) XLXG/XLM
00000 YA(d)a XLXOe(32.18.P1.3eP14)-ALZ0.plZ*P1 4

00004 J&K~l
60080 CALL .2IPE0(&,Y&.ux)
coqoo ISTFEPs-ZSTEP

00099 (157EP)O50,900,890
00000 a50 ipftip~l

D3~00S $60 PRINT110,T0,XOXDO~g3tJiJaj,4)
a0col fpso
0ocoa 880 vF(XD4)79§*79$iS90
akooo 690 XO~sYEL0CFUDIA,8(1))
s000t X~0&0SPLF(Xl,X0l,x0f,
10000 TOATO+DELT2
04000 DET2NDELTO
"Mep £FLISrEP)645#9,0,484
00000 END
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Table I is a listing of the appropriate input vaiues for

the drop phase computer program. Table II is a listing of tile

input values for the impact phase computer prograrm, sone of which are

obtained fro-i the rerults of the drop phase comlputer -AII.

'7

UI

2
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-yDRAOP PHASE IMPUTS

CASCAA -.7 p- 1'/ 2I 4 /5

-~-7.

115/4 j-. /4SA5 __4. 1517 15-0.4 142 152 1431f I.S'15Z l/71S f46 5a
- , -c12 -825/0.17 18.45 .3 4 14. -1 -3. 'T" 8.s .3/ -/+ -13

o2 1
-7- -12

J, -1 __x I

&c2. 2.I .- /, ... . 71± . 6._ _

.tt 11 . 75- ?

A/_ 1-22 JF

3t-' 2FI* __ 1-1 . 01 * 301/0Wý , -7. 3) 7

_____ I 7T(..4 2.-- -

_____45-?- :14.0 I

1_-22.1 -212J -;). ___ -2 2 2 . 2 -2;12

-.-- 49 83± 44/4ý F; 4~:~ 34A4~44~

_____Is'3 -1./5?IS-3I1. .3 3.8 9 I ~ . -. 7 42 1.213.? 7/Y -
,F. ;rr 1-50. 1- 14. 25. I25.~ -2517 0. 2 $1 5 : /5' -2- -3ý- f4.(/ - /7-2I

___ 7qc+. /51?

19i" -15.4 15 -. 25Id 34/4. -321 s~3Y7~T

TABL I _
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IMPACT PHASE DMPUTS

CASEC ,' _7' 4 5 N 7 8 ? l' H I? . /4 /

t 0.0 - 1 ,.,
it * .05

1 774WI 79 AJ?i 7767.13,103.50 qj.74f 7(, 261 7&DU 897~77I 74.ox4 ?4.93f 06.1 933
e . - 1./-3 76 -.131 -.13 .48 .,18 .145 -../l -.14Z /7- .1871 . o8

F.3421 4-2, -. /79 -,572-01Z -. 1 - ,37e .438 -:I5* .233 .214 -1.123k*r

Lro Z .o -Y.,' .34 /.19 Z,311.18 /.23. .8 1.8 .•" 1.4? .75 *.9
V, 10.0 •1.3-. -'.9 -. 7 12,9 , 13.3 7.VS -6.7

SV, I~ -1__ -."•. . -I. o.o,

S  o0.0 x., - ... 30.0

.K_3 0 - ._ 2- 0.0t .7 -41;-f

S..--- - t- 0f J 7. 0

0-0. i ,'5 . 42 .147 • 0.. -c . 7 . : - 1 75z 0.0",

AL l j5,C~78-. .17U!Z .o ~/Z/84-40 2.. 1;oi 3• ,. /.5-

) o0.0 c, i -, -2. ,o.92 .- 0 -2. -,,• /12. -.7 .S.',- -I./ ,

I /V "OI 1.* .9 .'•, I.I.O• ., 0...0 ..U7I I5.O

dA ZOc v.o .0 ;.0 6.0 7.0 .4.D ,cIo 1o11 ;.o. i,•. !0.0Iy 32 23.9 4.,hr,?. v 4i.4 eIS 3~4 -- 8 428. 444.3 39!!

A f L.. 8 3  .- 7 .. ....... ....... 7.

_____ L2 d3 -23 I 1- 1.Z3 -. ? .- t.1

11. 1.518. 5 ,ý7. 5 q9. 1 117.7 _T. 17.61•

m ..0 0 . 0'? .6 -e4. 1.0'? -1.09.

C/ 1/.0 3.0 4.0 .. 0 6.0 7.0 e.0 9C 10.0 1/.0 120 I3.0 /4.0 /5.0

09 . 117 .873H -- - - 73-

flA. C' qtI/e 1S. 4 15.411.1 10.C/o. 1r.

li . 1. 35 _ /35, c 1-35
*L. 186%5 83. 83. 77.7 77.7 83.

SI0.0

Uo IL42 j8,.M 9 ?9 37. 0 - 29.4? 3.0i . ,Z I . I q /3 -2 . •S o.27J* 2.811 7.h. 7 -2eJ•4. "F.3 .25 P .7• -•.

U _TABLE [I
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D. Lateral Restraint

Tt was originally t0ought that the pilot would fly the aircraft

in a craboed position during a crosswind situation. In this position he would

have lined the aircraft up with its velocity vector in the wind fixed frame

of reference. The extraction parachute in this case would be directly behind

the aircraft, because the parachute always lines up with the aircraft velocity

vector in the wind fixed frame of reference. Taking this into consideration,

the computer program was written excluding a lateral movement restraint requ.re-

ment in the extraction phase. Such a restraint, of course, is unnecessary when

the extraction parachute is directly behind the load.

Due to the difficulty encountered in trying to maintain a stable

attitude ..hile flying the aircraft in a crosswind situation, the actual cases

proved to be different. When only a few feet above the ground the pilot was

concerned primarily with motion in the direction that would result in ground

contact, i.e., pitch angle change and vertical motion; cherefore, the aircraft

was usually not lined up with the resultant velocity vector. The parachute

in this case would not be directly behind the aircraft, but would be off to

one side. How extreme the parachute is off to one side depends on the magnitude

of che angular difierence between the actual aircraft heading vector and the

velocity vector of the aircraft in the wind fixed frame of reference. Tack of

a lateral restraint in the extraction phase of the computer program will allow the

load to exceed the lateral boundaries of the aircraft when acted upon by some side

force. The side force in this case is the lateral component of the extraction

force oroduced by the misaligned parachute. In aztualit) the load cannot

exceed the aircraft lateral boundaries; thus an error could be produced in the

C
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computer results without this restraint. To add this restraint requirement to

the computer program would mean a major change to the program. It was found

that the error this caused could be minimized by forcing certain inputs to

be particular values in the tip-off phase. The two inputs that were changed

were the yaw angle (ý) and the lateral position vector (r y). These two

quantities were given values they would have at tip-off if the load were laterally

restrained by the aircraft.

I

z
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IV. CONCLUSIONS AND RECOMMENDATIONS

Included in this section are the changes, deletions, and revisions to

the Phase I report. Major changes, deletions, and revisions are not necessary

due to the close agreement of the results from the computer analysis when

compared to the actual occurirnce. There are a few minor changes that will

further refine the analysis if incorporated. The following changes and

revisions should be incorporated in the Phase I Report,

The limits of the extraction point locations with respect to the

cargo C.G. in both the vertical and lateral direction should be changed.

These changes are as follows: Vertical distance from G.C, to be within

+ 10 inches and -5 i.nches. Lateral distance from C.G, to be w;thin + 5 inches.

The lateral limitation was decreased because the cargo could become jaunred

in the cargo compartment and cause aircraft damage, when the lateral offsct

distance was too large.

The longitudinal limitation in the location of tile C.G, from the center

of a 9 foot platform can be changed from + b inches to + 10 inches. The

maximum offset was not found during the testing program but t!e load did

survive with a + 10 inch offset.

Tile limitation of tile 12 know crosswind is not a produiit fc-auseJ I:

system operation as originally thought. Instead, this limit is infl,:,

mainly by tile ability of tile pilot to manipulate tile air raft in exLesive

crosswind. Since the aircraft flies very close to the gro fL:, it Is t ffected

by the ground turbulenite. This turbulence causes the ai rcraft to -iove C ite

erraticall', and almost impossible to LoIltrol. Aircrait dipping and "i:ting

U
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:0 feet is common with ground turbulence caused by a 12 knot wind. Th'vs,

in most cases the pilot will fly the aircraft 20 feet or higher above ;dhc

groud with a crosswind of 12 knots or more. Thijs drop altitude will c-2•.e

cargo damage for excessive impact forces.

Sufficient data was not acquired to state whether the limits on the

impact angle are maximum. However in test no. 14 the load impacted at a l1o

tail down angle wit. load survival.

As the load descends, it obcillates. For loads tuat are alikle, the

oscillations will be identical. Therefore, the impact angle is dependent

on the altitude for any load. Further investigation is needed in tLi- area

to more closely identify specific load properties with oscillatory motion.

This in turn will also increase load survivability.

At this time there have been no tests of multiple luad delivery using

the ground slide system. It is recommended that efforts be directed in this

area to gain this much needed knowledge.

On all except one of these tests, the cargo was restrained Lo the

platform b., use of chains. These were used so that the load woold not

1
shift at all during the testing. Of course, in in actual air delivery

* situation regular restraint straps are used. The information acquired from

the tests can be applied to an air delivery situation, in that tite shiftinig

l] limitations are described.

4

0

2
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A special platform is needed that will resist ov.'erturn, withstand the

forces excerted upon it at ground impact, and prohibit bending in the longi-

tudinal direction., This platform will ba,.icallv have a rounded front edge and

heavy rails that run longitudina!-;.. The platform used in the test pahse had

these physical au:alitieq, but it was over designed. During the testiing the

only part of the platform that seefied to show any fai lure ,as the b,,tttom

sure'ace. This fail,,re only appears on the platfor-ms that have wooden panels.

The design o: the ne.; platform should have as uts goals: low cost, light

weight, bending resistance in rails, and overturn resistance.
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93. AOSTRACT

This report is a continuation of the Phase 1 Report of the Cround

Slide Ai rdrop Studly conducted under Contract !*^ DA19-129-A'IC-337C").
"The object of the report is ti' present the f-indings of the ExploratoryI
Test Phase, Phase 11, and to conpare the act ital ffndings to those pre-
dicted by the Phase I study.

Results of limited flight tests cone-ucted at Ft. Bragg~, North rarolina
are presentced ane, conpared to ritlytical results vIt~ich tvere genera'-ed
using ~.est coneitions a.- input values. In general, thae test valu.-s and
the computed values arc in close a~reer-ent.

Alszo Included are all chzn~es , dleletions and revision.- to be iiienrpcor-
ated in the prelir-inary design spceifications of t~he Phase I report.

W... L

C: ~~1, I. I. s 1~ f ;..



14 -oL11 A L• It KV LINk C

FOLt 'A 1 ROLL V.' I Ft,LE IV T

Testing 8

Syste rs 9

Delivery 9
Air-drop operations 9
Ground slide 19

t.!

t 1.1 I. "--


